Reactions of the 4a-hydroperoxide of liver microsomal flavin-containing monooxygenase with nucleophilic and electrophilic substrates.
Liver microsomal flavin-containing monooxygenase (MFMO) has been shown to exhibit a stable 4a-flavin hydroperoxide intermediate in the absence of oxygenatable substrate (Poulsen, L. L., and Ziegler, D. M. (1979) J. Biol. Chem. 254, 6449-6455; Beaty, N. B., and Ballou, D. P. (1981) J. Biol. Chem. 256, 4619-4625). The reaction of this intermediate with an assortment of substrates was studied by stopped flow techniques. The first observed spectral change is a small blue shift in the absorbance peak of the 4a-flavin intermediate. The rate of this spectral change is dependent on the concentration of the substrate. This small spectral change is succeeded by a large increase in the absorbance at 450 nm. The rate of appearance of oxidized flavin is independent of substrate concentration but does increase at higher pH. Steady state turnover rates also greater at higher pH, consistent with earlier observations that the formation of oxidized flavin is rate determining in catalysis. Upon oxygenation by MFMO, thiobenzamide and iodide each undergo a spectral change which is dependent on substrate concentration. The spectral changes corresponding to oxygenation of these substrates occur at the same rates as do the initial small spectral changes contributed by the flavin chromophore as observed with all substrates. However, no substrate tested to date shows any effect on the rate of formation of oxidized flavin. Previous work has shown MFMO to catalyze the oxygenation of a variety of nitrogen- and sulfur-containing hydrophobic compounds. Two new classes of compounds are shown here to be substrates for this enzyme. The nucleophilic anions, iodide and thiocyanate, catalyze the decomposition of the 4a-flavin hydroperoxide. Organic boronic acids (e.g. phenylboronic acid and butylboronic acid) also appear to be oxygenated with no striking differences in kinetic characteristics from those of nucleophilic substrates. These organic boronic acids are classic electrophiles and suggest that like peracids, the 4a-flavin hydroperoxide is capable of oxygenating both nucleophiles and electrophiles (Lee, J. B., and Uff, B. C. (1967) Quart. Rev. 21, 429-457).